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Abstract
We developed a dermatophyte-speciﬁc single-tube real-time PCR assay based on internal transcribed sequences. This assay allows
the rapid detection and identiﬁcation of 11 clinically relevant species within the three dermatophyte genera Trichophyton, Microsporum
and Epidermophyton in nail, skin and hair samples within a few hours. Analysis of 145 clinical samples (107 nail, 36 skin scale, and
two hair) by both real-time PCR and a PCR–reverse line blot (PCR-RLB) assay described earlier revealed that 133 of the 145 sam-
ples had concordant real-time PCR and PCR-RLB detection results (83 positive, 49 negative, and one inhibited). Six samples were
positive by real-time PCR and negative by PCR-RLB, and two were negative by real-time PCR and positive by PCR-RLB. Four sam-
ples demonstrated inhibition in one of the two PCR assays. Only one of 83 positive samples had discordant identiﬁcation results
between both assays (Trichophyton verrucosum and Trichophyton erinacei by real-time PCR and Trichophyton erinacei by PCR-RLB). Der-
matophytes present in seven positive samples that were incompletely identiﬁed as Trichophyton sp. by PCR-RLB were identiﬁed to
the species level by real-time PCR as Trichophyton interdigitale and Trichophyton rubrum in six cases and one case, respectively. One
hundred and twenty of 145 samples were also analysed by conventional dermatophyte culture and by direct microscopy. Our sin-
gle-tube real-time PCR assay proved to be suitable for direct detection and identiﬁcation of dermatophytes in nail, skin and hair
samples with minimal total assay time (4 h after overnight lysis) and hands-on time, without the need for post-PCR analysis, and
with good sensitivity and speciﬁcity.
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Introduction
Dermatophytes (Trichophyton, Microsporum, and Epider-
mophyton) cause superﬁcial infections such as ringworm,
favus, or onychomycosis. Although several PCR-based assays
for the detection of dermatophytes have been published,
laboratory diagnosis still relies on microscopic examination
of clinical samples, microscopic and macroscopic observation
of in vitro cultures, and metabolism tests. Culture has a low
sensitivity (c.70%), is time-consuming (2–4 weeks), and can
be difﬁcult [1].
Recently, we reported the characteristics of a PCR–
reverse line blot (PCR-RLB) assay for the detection and
identiﬁcation of nine dermatophyte species in clinical material
[1]. Li et al. [2] published a similar oligonucleotide array assay
that could potentially identify 17 dermatophyte species, but
it was not validated for detection in clinical specimens. Fur-
thermore, PCR hybridization assays are time-consuming. In
2007, a real-time PCR assay was described for the detection
and identiﬁcation of dermatophytes in clinical specimens [3].
However, that assay cannot identify all clinically relevant spe-
cies to species level, and it requires two PCR reactions to
detect all species.
Recent work has shown that internal transcribed
sequences (ITSs) between rRNA genes are sufﬁciently
polymorphic for identiﬁcation of dermatophytes to species
level [1,4–13]. We developed a single-tube dermatophyte-
speciﬁc real-time PCR assay based on ITS1 sequences,
using species-speciﬁc probes to detect and identify 11
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species in nail, skin and hair samples. With this method,
up to 25 samples can be analysed simultaneously within
4 h after overnight lysis, with minimal hands-on time
(2.30 h).
Materials and Methods
Strains and clinical samples
Eighteen dermatophyte strains from the Centraalbureau voor
Schimmelcultures (CBS, Utrecht, The Netherlands), one clin-
ical Trichophyton erinacei isolate and 11 non-dermatophyte
fungal isolates (Table 1) [14] were used to develop this PCR
assay. First, speciﬁcity of the assay was tested in two groups
of dermatophytes: the 11 clinically most relevant dermato-
phyte species (Table 1; group A dermatophytes) and more
rare dermatophytes (Table 1; group B dermatophytes). For a
subgroup, the limit of detection (LOD) was determined, cov-
ering all ﬂuorescence channels. Second, the performance of
the real-time PCR assay was examined in 145 clinical samples
(107 nail, 36 skin scales, and two hair) of patients suspected
of having dermatophytosis. They were selected for this study
on the basis of PCR-RLB results. From each sample, DNA
was extracted using a MagNA Pure Compact (MPC) nucleic
acid (NA) extraction robot (Roche). The DNA was ﬁrst
analysed by PCR-RLB, and subsequently by real-time PCR.
Additionally, 120 of the 145 samples were analysed by cul-
ture and by direct microscopy [1].
DNA isolation and real-time PCR ampliﬁcation
Clinical samples for both PCR methods were cut into small
pieces and incubated overnight at 55C in 400 lL of lysis
buffer: MagNA Pure LC Lysis Binding Buffer (Roche, Man-
nheim, Germany), water (3 : 2) with 32 lL of dithiothreitol
(1 M), and 20 lL of proteinase K (20 mg/mL). Then, 5 lL
of 1/1000 diluted phocine herpes virus 1 (PhHV-1) [15] was
added as an internal control target, and total NA was iso-
lated using the Total NA Isolation Kit (Roche) on an MPC
NA isolation robot. DNA was eluted in 100 lL of buffer.
Dermatophyte-speciﬁc PCR primers and species-speciﬁc LC
hybridization probe sets for real-time PCR (each consisting
of an anchor probe and a sensor probe) were targeted on
dermatophyte ITS1 and 5.8S rRNA gene sequences present
in the GenBank database, using Multalin (http://bioinfo.
genotoul.fr/multalin/multalin.html) and LightCycler Probe
Design software (Roche). Probes were labelled with 3¢-ﬂuo-
rescein, 5¢-LC610, 5¢-LC640, 5¢-LC670, or 5¢-LC705 labels.
Anchor probes were designed to match ITS1 sequences of
two or three dermatophyte species, whereas sensor probes
were designed to perfectly match only one of those species
(Fig. 1). In this way, up to three different species can be
detected and identiﬁed with one probe, using melting curve
analysis. Internal control (PhHV-1) primers and probes
described by Niesters were adapted to hybridization probe
format; reverse primer PhHVR1-705 was internally labelled
to also act as a probe in combination with probe PhHVP1-FL
[15] (Table 2).
Five microlitres of DNA isolated from clinical samples
were used in 20-lL real-time PCR reactions containing 4 lL
of LC Multiplex Master Hyb Probes (Roche), 400 nM primer
DERMF3 and 1300 nM primer DERMR2, 330 nM each of LC
hybridization probe (Table 2), 1.3 mM MgCl2, 0.5 lL dim-
ethylsulphoxide, and 0.2 units of uracil DNA glycosylase
(Roche). Positive and negative extraction and PCR controls
were included in each run. The following PCR program was
performed on a LightCycler 2.0 (Roche): initial denaturation
for 10 min at 95C, and 50 cycles of 20 s at 95C, 20 s at
55C, and 20 s at 72C. This was followed by a melting
curve analysis (1 min at 95C, cooling for 1 min at 50C, and
ramp to 85C, at a ramp rate of 0.1C/s). Colour compensa-
tion was performed according to the manufacturer’s instruc-
tions, and ﬂuorescence signals were corrected by the
‘back 530’ signal.
TABLE 1. Strains used for real-time PCR analytical speciﬁc-
ity testing, with real-time PCR results
Species Group Reference Real-time PCR
Trichophyton
rubrum A CBS 289.86 T. rubrum
interdigitale A CBS 558.66 T. interdigitale
mentagrophytes A CBS 572.75 T. mentagrophytes
violaceum A CBS 319.31 T. violaceum
tonsurans A CBS 219.32 T. tonsurans
verrucosum A CBS 134.66 T. verrucosum
erinacei A CBS 511.73 T. erinacei 1a
erinacei B Clinical isolate T. erinacei 2b/concentricum
concentricum A CBS 109405 T. erinacei 2b/concentricum
schoenleinii B CBS 335.32 T. mentagrophytes
simii B CBS 150.66 T. mentagrophytes
gloriae B CBS 663.77 –
terrestre B CBS 464.62 –
Microsporum
canis A CBS 132.88 M. canis complex
audouinii A CBS 404.61 M. audouinii
ferrugineum A CBS 457.80 M. canis complex
duboisii B CBS 349.49 –
gypseum B SKML 2006-II-A –
Epidermophyton ﬂoccosum A CBS 358.93 E. ﬂoccosum
Acremonium sp. Clinical isolate –
Aspergillus fumigatus Clinical isolate –
Candida albicans CBS 1893 –
Chaetomium sp. Clinical isolate –
Cladosporium herbarum Clinical isolate –
Malassezia furfur Clinical isolate –
Scopulariopsis brevicaulis SKMM 98-IV-1A –
Scytalidium japonicum Clinical isolate –
Trichosporon mucoides CBS 7616 –
Corynebacterium jeikeium RIVM strain –
Staphylococcus epidermidis ATCC 12228 –
–, negative.
aGenetic variant 1.
bGenetic variant 2.
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The presence of an ampliﬁcation curve in the respective
channels (610, 640, 670 and 705 nm) of the LightCycler, in
conjunction with a melting curve with the appropriate melt-
ing temperature (Tm) and a Tm peak height of ‡ 0.01, was
considered to be a positive result for the given dermato-
phyte species.
Determination of LOD of real-time PCR
To determine the LOD of the real-time PCR, a master solu-
tion of DNA (40 000 fg/5 lL) isolated from four CBS strains
(Microsporum canis, Trichophyton verrucosum, Trichophyton inter-
digitale, and Epidermophyton ﬂoccosum) was prepared under
spectroscopic control. These strains were selected to test all
four ﬂuorescence channels. The master solution was diluted
ten-fold in a pool of PCR-negative nail DNA extracts
(4000 fg/5 lL). Subsequently, four-fold dilutions were made
similarly (1000–15 fg/5 lL ) and tested by real-time PCR.
Serial dilutions and real-time PCR were repeated ﬁve times.
LOD was deﬁned as the DNA concentration that produced
90% hit rates for all four detection channels.
PCR-RLB
PCR-RLB was performed as described previously, but with a
modiﬁed DNA extraction method [1]. In short, DNA was
extracted from clinical material using an MPC NA isolation
robot instead of a manual extraction kit. The DNA was sub-
FIG. 1. Multiple sequence alignments of partial internal transcribed sequence 1 regions from all dermatophyte species detected by the
LightCycler real-time PCR assay. Nucleotides corresponding to the species-speciﬁc hybridization probe sets are bold and underlined.
TABLE 2. Sequences, positions and speciﬁcities of dermatophyte-speciﬁc PCR primers and LightCycler probes used in this
study
Name Sequence 5¢–3¢ Label Target Position
Primers
DERMF3 GGT TGC CTC GGC GGG CC – ITS1 dermatophytes 155a
B-DERMR2 CGG AAT TCT GCA ATT CAC ATT ACT – 5.8S rRNA dermatophytes 85b
Probes
Mcaau1S ACG CCT GAG GGG GAC TCT TG 5¢-LC610 ITS1 Microsporum canis/Microsporum audouinii 222
Mcaau1A CTG TGC TAC AGC GGC CGT TCG GGG 3¢-FL ITS1 M. canis/M. audouinii 195
Truvi1S GCC GGA GGA CAG ACA CCA AGA AAA 5¢-LC640 ITS1 Trichophyton rubrum + Trichophton soudanense/Trichophyton violaceum 240
Truvi1A CCT CGA GCC GGA CCG CGC C 3¢-FL ITS1 T. rubrum + T. soudanense/T. violaceum 220
Tveerco1S GAG GAC AGA CAT CAA AAA ATC TTG AAG A 5¢-LC640 ITS1 Trichophyton verrucosum/Trichophyton erinacei 1/T. erinacei 2 +
Trichophyton concentricum
236
Tveerco1A GGG CTT TAG CTG GAT CGC GCC 3¢-FL ITS1 T. verrucosum/T. erinacei 1/T. erinacei 2 + T. concentricum 210
Tinmeto3A CCC GCC GGA GGA CAG ACG C 5¢-LC670 ITS1 Trichophyton interdigitale/Trichophyton mentagrophytes/Trichophyton
tonsurans
236
Tinmeto1S TAG TGG CTA AAC GCT GGA CCG 3¢-FL ITS1 T. interdigitale/T. mentagrophytes/T. tonsurans 213
Eﬂ3S CTA CGA AAT CTC CAT AGG TGG TTC AGT CT 5¢-LC705 ITS1 Epidermophyton ﬂoccosum 285
Eﬂ1A GCG CTC GCC GAA GGA GTG ATT CTC AGA AA 3¢-FL ITS1 E. ﬂoccosum 254
Internal control
PhHVF1 GGG CGA ATC ACA GAT TGA ATC – gB gene PhHV-1 267c
PhHVR1-705 CGA GGC GGT TCC AAA CGXT AC iLC705d gB gene PhHV-1 359c
PhHVP1-FL CGC CAC CAT CTG GAT CAA CGT 3¢-FL gB gene PhHV-1 317c
ITS, internal transcribed sequence; PhHV, phocine herpes virus.
aITS1 sequence of T. rubrum.
bPosition in 5.8S rRNA gene of T. rubrum.
cPosition in gB gene of PhHV-1.
dInternally LC705-labelled reverse primer (on position X in sequence).
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jected to PCR using dermatophyte-speciﬁc primers amplifying
the ITS1 region of each clinically relevant dermatophyte spe-
cies. PCR products were analysed by RLB using a membrane
containing dermatophyte species-speciﬁc and genus-speciﬁc
probes [1].
Results
Speciﬁcity of real-time PCR assay
All analysed CBS group A dermatophyte reference strains
gave ampliﬁcation signals and Tm peaks in the intended
LightCycler detection channels (Tables 1 and 3). T. interdigi-
tale showed cross-reactivity in channel 640 with a Tm of
c. 56C, which is probably the result of hybridization with
Truvi1S and Tinmeto1S. In samples that were highly posi-
tive for Trichophyton rubrum, an additional broad, low Tm
curve was observed in channel 670, probably caused by
insufﬁcient colour compensation of LC640 ﬂuorescence in
channel 670. This cross-signal did not raise any identiﬁca-
tion problems.
In order to determine the variability in Tm in different
samples, clinical samples containing DNA of one of 11 der-
matophyte species were analysed by real-time PCR. A mini-
mum of six samples was used per species to determine Tm
ranges (Table 3).
Subsequently, group B dermatophytes were tested. T. eri-
nacei (genetic variant 2) produced a Tm matching the Tm of
Trichophyton concentricum. Strain CBS 150.66 (Trichophyton
simii according to the CBS) showed a Tm of 60.33C in
channel 670, which matches the Tm of Trichophyton mentag-
rophytes. Trichophyton schoenleinii (CBS 335.32) was identiﬁed
as T. mentagrophytes, as expected (identical ITS1 probe
regions; Table 1). All analysed non-dermatophytes remained
negative in the real-time PCR (Table 1) but were positive
in a control PCR with generic fungus primers, proving that
ampliﬁable fungal DNA was present (data not shown)
[5,16].
Detection performance of real-time PCR in clinical samples
Real-time PCR results of the dilution series showed a LOD
of 1000 fg, corresponding to 20 genome copies of dermato-
phyte DNA. There were no signiﬁcant discrepancies among
individual species/channels tested.
All 145 clinical samples were ﬁrst analysed by PCR-RLB
and later by real-time PCR. Fig. 2 shows a typical result of
real-time PCR with melting curve analysis of three dermato-
phyte species.
A comparison between real-time PCR and PCR-RLB
results of 145 clinical samples revealed concordant detection
TABLE 3. Melting temperature (Tm) ranges determined for
different dermatophyte species on LightCycler 2.0 in four
detection channels
Species Channel
Tm range
(ºC)
No. of
samples used
Microsporum canis complex 610 65.00–67.50 13
Microsporum audouinii 610 60.00–62.00 10
Trichophyton rubrum 640 66.30–68.00 75
Trichophyton violaceum/soudanense 640 64.50–66.25 17
Trichophyton verrucosum 640 62.30–64.00 18
Trichophyton erinacei 640 61.00–62.20 10
Trichophyton erinacei 2/concentricum 640 60.00–61.00 20
Trichophyton interdigitale 670 64.00–66.00 36
Trichophyton mentagrophytes 670 59.90–61.90 6
Trichophyton tonsurans 670 56.60–58.60 31
Epidermophyton ﬂoccosum 705 67.50–69.50 7
Internal control 705 63.80–65.80 83
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FIG. 2. (a) Typical melting curve analysis result in channel 670 of
the LightCycler 2.0, after real-time PCR ampliﬁcation of Trichophyton
interdigitale, Trichophyton mentagrophytes, and Trichophyton tonsurans
(DNA from cultured isolates spiked into DNA from negative clinical
samples), using the species-speciﬁc hybridization probe set Tin-
meto1S + Tinmeto3A. The values on the y-axis are the ﬁrst negative
derivative of the change in ﬂuorescence (dFluorescence (670/
back530)) divided by the change in temperature (dT). The three ver-
tical lines show the melting temperatures (Tm) of the three dermato-
phyte species with the probe set. (b) Melting curve analysis result in
channel 670 from clinical samples containing T. tonsurans
(Tm c. 58C) or T. interdigitale (Tm c. 65C).
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results with 133 samples: 83 positive, 49 negative and one
showing inhibition in both assays.
Five of six real-time PCR-positive, PCR-RLB-negative
samples contained T. interdigitale (one conﬁrmed by positive
culture), and one contained T. rubrum (conﬁrmed by positive
culture and microscopy). Both real-time PCR-negative and
PCR-RLB-positive samples contained T. rubrum (one con-
ﬁrmed by positive culture).
Table 4 shows the proportions of positive results obtained
by real-time PCR vs. conventional methods in 120 clinical
samples. In all 74 real-time PCR-positive samples, a species
could be identiﬁed (45 T. rubrum, 23 T. interdigitale, and six
other dermatophyte species), whereas in 45 of 57 culture-
positive and/or microscopy-positive samples, identiﬁcation
was possible (27 T. rubrum, 12 T. interdigitale, and six other
dermatophyte species). Sixteen of 36 microscopy-negative,
real-time PCR-positive samples (44%) contained species
other than T. rubrum, whereas only ten of 32 culture-nega-
tive, real-time PCR-positive samples (31%) contained species
other than T. rubrum (all T. interdigitale). Using microscopy,
33% of skin scales and 34% of nails were positive. Using cul-
ture, these proportions were 48% and 34% respectively.
Real-time PCR revealed the highest proportions of positives
in both skin scales (52%) and nails (65%).
Identiﬁcation of dermatophytes by real-time PCR and by
PCR-RLB in positive clinical samples
Only one identiﬁcation discrepancy (1.2%) was found
between real-time PCR and PCR-RLB: one sample repeatedly
yielded two Tm peaks in channel 640 of the LightCycler, at
63.0C and at 60.0C. This might represent the presence of
two species, T. verrucosum and T. erinacei 2/concentricum
(Table 5). PCR-RLB identiﬁed it as T. erinacei. Conventional
analysis of the isolate also revealed T. erinacei. In six of seven
samples with incomplete PCR-RLB identiﬁcation (Table 5;
‘Trichophyton sp.’), T. interdigitale could be identiﬁed by real-
time PCR, and one was identiﬁed as T. rubrum.
Discussion
The real-time PCR assay described here was shown to be
highly sensitive and speciﬁc for the detection and identiﬁca-
tion of dermatophytes directly in clinical material. There
were no false-positive results; clinically irrelevant species
(Trichophyton gloriae, Trichophyton terrestre, Microsporum dubo-
isii, and Microsporum gypseum) were all PCR-negative. One
mismatch was reported; T. simii CBS 150.66 was identiﬁed as
T. mentagrophytes by real-time PCR and by PCR-RLB. As is
suggested in our study on PCR-RLB, this strain is most prob-
ably a member of the T. mentagrophytes complex described
by Gra¨ser, comprising closely related variants [1,6]. The Tm
ranges determined for Trichophyton violaceum/soudanense and
T. rubrum are very close to each other. Therefore, Tm ranges
of these species should be determined again when another
type of real-time PCR instrument is used in order to avoid
misidentiﬁcation.
PCR and PCR-RLB using clinical specimens revealed good
concordance in most samples (92%). However, ﬁve of the
real-time PCR-positive, PCR-RLB-negative samples were
determined as T. interdigitale on the basis of Tm analysis. The
TABLE 4. Comparison of results of conventional and real-
time PCR-based examination of 120 selected nail and skin
scale specimens
Method
% Positive (no./total)
Dermatophyte
detection
Species
identiﬁcation
Conventional
(microscopy and/or culture)
47.5 (57/120) 37.5 (45/120)
Real-time PCR 61.7 (74/120) 61.7 (74/120)
Difference in detection
by real-time PCR
14.2 24.2
TABLE 5. Comparison of dermatophyte real-time PCR and PCR–reverse line blot (PCR-RLB) results of 145 clinical specimens
PCR-RLB
Real-time PCR
Trichophyton
rubrum
Trichophyton
interdigitale
Trichophyton
erinacei 2
Trichophyton
tonsurans
Trichophyton
verrucosum
Microsporum
audouinii
Microsporum
canis
T.
verrucosum
+ T. erinacei 2 Negative Inhibited Total
T. rubrum 48 2 1 51
T. interdigitale 19 19
T. erinacei 3 1 4
T. tonsurans 2 2
T. verrucosum 1 1
M. audouinii 1 1
M. canis 1 1
Trichophyton sp. 1 6 7
Negative 1 5 49 1 56
Inhibited 2 1 3
Total 50 30 3 2 1 1 1 1 53 3 145
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presence of T. interdigitale could be conﬁrmed by culture in
only one sample. An explanation could be that T. interdigitale is
ampliﬁed more efﬁciently by real-time PCR than by PCR-RLB,
because of better annealing properties of the real-time PCR
forward primer (DERMF3) compared to the DERMF1 primer
of the PCR-RLB assay. Crossing point values of those ﬁve
real-time positives varied from 29.2 to 33.5, indicating low
dermatophyte loads and hence false-negative culture results.
T. interdigitale was detected in six samples by real-time
PCR when PCR-RLB identiﬁed them as Trichophyton species.
This is most probably due to the T. interdigitale-speciﬁc RLB
probe producing relatively weak hybridization signals. As a
result, in samples with low loads of T. interdigitale, it is possi-
ble that hybridization signals are detected only with the Trich-
ophyton genus-speciﬁc probe.
Real-time PCR yielded signiﬁcantly more positive results
than conventional methods (61.7% vs. 47.5%). Identiﬁcation to
species level was possible in all positive samples using real-
time PCR, but in only 45 of all 120 samples when using con-
ventional methods. Real-time PCR showed approximately the
same proportion of positives as PCR-RLB did (using a differ-
ent forward primer than in real-time PCR) in 145 clinical sam-
ples. Real-time PCR also yielded the same species distribution
in positive samples as did PCR-RLB and culture. It seems un-
likely that the higher proportion of positives found by real-time
PCR than by conventional methods is due to false-positive
results. Microscopy produced a higher proportion of nega-
tive results in PCR-positive samples containing species other
than T. rubrum than did culture. Probably, microscopy is less
sensitive for the detection of species other than T. rubrum.
The proportions of positives found by each method in this
study are not the proportions found in randomly collected
clinical samples, as the samples used in this study were
selected on the basis of PCR-RLB results (59.3% positives,
which is much higher than the 43% found in randomly col-
lected samples) [1]. However, the proportions of positives
found by each method can be compared for different sample
types. It is striking that, in nails, the proportion of positives
obtained by microscopy is equal to that found by culture
(34%), and much lower than the proportion found in nails by
real-time PCR (65%). This differs from the ﬁndings in our
previous study, where microscopy yielded nearly equal num-
bers of positive nails as PCR-RLB in randomly collected sam-
ples (42% and 47%, respectively) [1]. This difference could
be caused by the fact that the proportion of positive samples
containing non-T. rubrum species in this study (39%) was
much higher than that in randomly collected samples (16%)
[1]. Only one identiﬁcation discrepancy was encountered
between real-time PCR and PCR-RLB, indicating that the
real-time PCR probes are highly speciﬁc.
Previously described PCR assays for the detection of der-
matophytes in clinical material are only moderately sensitive
or cannot identify dermatophytes to the species level [16–
23]. With other PCR-based assays, only one or a few derma-
tophyte species can be identiﬁed, the assays are not used
directly on clinical material, or the assays require post-PCR
analysis [2,16,24–29]. One report described the detection
and identiﬁcation of dermatophytes in clinical material by
18S rRNA PCR and sequence analysis, which is relatively
expensive for routine laboratories [30]. The real-time PCR
assay reported by Arabatzis has the advantages of real-time
PCR, but it cannot discriminate between all clinically impor-
tant dermatophyte species and it requires two PCR reactions
[3].
The PCR-RLB assay that we described previously allowed
the detection and identiﬁcation of nine dermatophyte spe-
cies directly in nail, hair, and skin scales [1]. Since 2002, it
has shown its usefulness in our laboratory for the diagnosis
of dermatophytosis because of its fast, sensitive, speciﬁc
and accurate performance. However, PCR-RLB requires 5 h
of hands-on time and post-PCR analysis, introducing a risk
of PCR product contamination leading to false-positive
results.
The real-time PCR assay requires 2.30 h less hands-on
time than PCR-RLB for the analysis of 25 clinical samples.
This time reduction is mainly due to the use of a DNA isola-
tion robot and the real-time format. The total assay time of
the real-time PCR assay is 4 h after overnight lysis. Another
advantage of real-time PCR is the omission of post-PCR anal-
ysis, which lowers the risk of false-positivity. The single-tube
PCR format leads to cost reductions with regard to PCR
reagents and disposables.
In conclusion, this single-tube real-time PCR assay showed
excellent performance characteristics for the detection and
identiﬁcation of dermatophytes in clinical material. The short
hands-on time makes it very suitable as a routine diagnostic
assay for dermatophytosis.
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